We investigated delay in diagnosing progressive multifocal leukoencephalopathy (PML). The median time from initial symptom to diagnosis was 74 days (range 1-1643) in 111 PML patients seen at our institution from 1993 to 2015. Another diagnosis was considered before PML in nearly two-thirds, and more than three-quarters of patients suffered from diagnostic delay greater than 1 month, irrespective of their underlying immunosuppressive condition. Extended diagnostic delay occurred more frequently in patients with possible PML, and among HIV + patients with higher CD4 + T-cell counts at symptom onset. Prompt diagnosis may improve survival of PML in so far as immune reconstitution can be effected, and prevent unnecessary interventions.
Introduction
Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease of the central nervous system (CNS) caused by the polyomavirus JC (JCV). PML occurs in immunosuppressed patients with AIDS, hematological malignancies, organ transplant recipients, and in individuals with autoimmune diseases treated with immunomodulatory medications. 1 Patients with PML develop progressive neurologic dysfunction associated with brain lesions that are readily detected on brain magnetic resonance imaging (MRI). Diagnosis is established either by detection of JCV DNA by polymerase chain reaction (PCR) in the cerebrospinal fluid (CSF), or by brain biopsy showing demyelination, astrogliosis, viral inclusion in nuclei of oligodendrocytes, and lipid-laden macrophages. 2 PML only occurs in approximately 4000 people per year in the US and Europe, and it is therefore considered an orphan disease. 3 Since it is a rare disease, physicians seldom encounter patients with PML. In addition, symptoms and neuroimaging findings may often mimic more common CNS diseases, such as stroke, 4 brain tumor 5, 6 , or cerebral toxoplasmosis. 7 The aims of this study were to determine the incidence of diagnostic delay as well as its predisposing factors, and impact on the clinical outcome.
Methods
To understand the obstacles to the timely establishment of PML diagnosis, we retrospectively reviewed the records of all cases of PML seen in the Neuro-infectious Diseases Clinic at our institution between 1993 and 2015. A total of 111 PML patients were included in the analysis. Asymptomatic PML patients whose diagnosis was made based on routine surveillance MRI (one patient with multiple sclerosis on natalizumab and one on dimethyl This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. fumarate) and nine PML patients without comprehensive records regarding onset of PML symptoms were excluded from the analysis.
PML diagnosis was established according to consensus terminology criteria. 2 Patients who had survived beyond 1 year of neurological symptom onset were considered PML survivors, and those who died within 1 year as PML progressors. Patients who were still alive, but had been followed up for less than 1 year of disease onset, were considered PML early. 8 Diagnostic delay was defined as the time interval between initial presentation of PML symptoms reported by patient history to confirmation of PML diagnosis. Alternative diagnoses prior to PML were determined based on clinical work-up and interventions. A diagnostic delay less than 1 month was labeled as limited, between one and 3 months as intermediate, and greater than 3 months as extended.
All patients underwent at least one spinal tap, and possible PML was defined by the presence of clinical and imaging findings suggestive of PML, but with negative CSF JCV PCR and no histologic confirmation. 2 The date of diagnosis in possible PML patients was determined by the last date of negative CSF PCR for JCV. Definite PML was confirmed by the detection of JCV DNA in the CSF by PCR or by histologic diagnosis on the brain biopsy.
We reported median and range for continuous variables and percentage for categorical variables. We used nonparametric testing, Wilcoxon signed-rank test, to compare median estimates and Fisher's exact test for contingency analysis. A P-value <0.05 was considered statistically significant. Statistical analyses were performed using GraphPad Prism 5.0 software.
Results
The median time from initial symptom to diagnosis of PML among 111 patients was 74 days (range 1-1643) and did not differ significantly among 45 HIV -patients (50 days) and 66 HIV + patients (84 days). Table 1 depicts the clinical characteristics of all patients. Of the 111 patients, diagnostic delay was less than 1 month in 25 (22.5%), one to 3 months in 42 (37.8%), more than 3 months in 44 (39.7%) and greater than 1 year in 10 (9%).
The diagnosis of PML was established in 92 (82.9%) of the 111 PML patients by virologic and/or histologic criteria (definite PML) and in 19 (17.1%) using clinical-radiologic criteria (possible PML). There were more patients with possible PML in the extended delay (25%) as compared with limited delay (4%) category (P < 0.05).
PML progressors were more frequent in the intermediate delay category (62%) compared with the limited delay category (36%) and the extended delay category (13.6%).
Of all 111 patients, the initial PML symptom was coordination deficit in 31 (28%), motor deficit in 18 (16.2%), language deficit in 15 (13.5%), altered mental status in 14 (12.6%), visual disturbance in 9 (8.1%), seizure in 6 (5.4%), motor and sensory deficit in 5 (4.5%), headache in 4 (3.6%), behavioral changes in 3 (2.7%), sensory disturbance in 3 (2.7%), and slurred speech in 3 (2.7%).
There was no significant difference in the three categories of delay based upon the presenting neurologic symptom, date of diagnosis, gender, age, etiology of underlying immunosuppression or treatment for PML. However, among HIV + patients, the CD4 + T-cell count at symptom onset was greatest in the extended delay group as compared with either the limited or intermediate delay groups (P < 0.0005). Specifically, of the 14 HIV + patients with CD4 + T-cell counts >200 cells/lL at PML symptom onset, 64.3% were in the extended, compared to 21.4% in the intermediate and 14.3% in the limited delay groups.
We repeated those analyses including only the 92 patients with definite PML. Again, we observed the same findings with more PML progressors in the intermediate delay category compared with the limited and extended delay categories as with the entire group. The definite and possible PML groups did not differ in terms of age or gender. However, the median time to diagnosis was 58.5 days in the definite PML group compared with 187 days in the possible PML group. There was also a significantly higher percentage of HIV + patients in the possible compared with the definite group, 17/19 (89.5%) versus 49/92 (53.3%), and the CD4 + T-cell count of HIV + patients was significantly higher in the possible compared with the definite group. Interestingly, of the 92 definite PML patients, 23 (25%) had one or two negative CSF PCR for JCV prior to positive virologic or histologic diagnosis. Of these 23 PML patients, 11 (47.8%) were in the extended, 9 (39.1%) in the intermediate, compared to 3 (13.1%) in the limited delay category.
The most common initial diagnoses which prompted additional work-up and delayed diagnosis of PML among all patients were vascular (33%) followed by infections other than PML (16%) and tumoral (14%). However, in HIV -patients, a tumoral diagnosis came in second place (14%), before autoimmune (12%), peripheral nervous system (12%), and infections other than PML (9%). In HIV + patients, a vascular etiology was still the most frequent initial diagnosis (30%), followed by infections other than PML (21%) and tumoral (13%). This is depicted in greater detail in Figure 1 . There were one, two, and three diagnoses considered prior to the diagnosis of PML in 64.4%, 25.4%, and 10.2% patients respectively.
Discussion
Diagnostic delay is detrimental to patients and incurs costs to the health care system as unnecessary testing is Comparisons have been made across columns between the different categories of diagnostic delay. *P < 0.050, **P ≤ 0.005. 1 Chronic lymphocytic leukemia (n = 11), Non-Hodgkin's lymphoma (n = 5), Hodgkin's lymphoma (n = 2), B-cell lymphoproliferative disorder (n = 2), Acute myelogenous leukemia (n = 1), Anaplastic plasmacytoma (n = 1), Castleman's disease (n = 1), and NK cell leukemia (n = 1). 2 Idiopathic CD4 + lymphocytopenia (n = 5), Waldenstr€ om's macroglobulinemia (n = 2), Good syndrome (n = 1), and Idiopathic thrombocytopenic purpura (n = 1). 3 Rheumatoid arthritis (n = 2), Sarcoidosis (n = 2), Possible systemic lupus erythematosus (n = 1), and Dermatomyositis (n = 1). 4 Combined variable immunodeficiency (n = 1), Idiopathic pulmonary fibrosis (n = 1), and Alcoholic cirrhosis (n = 1).
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Brainstem glioma (n = 1) and Non-small cell lung cancer (n = 1). performed and inappropriate treatments are prescribed. Delays or errors in diagnosis are also the most common and most costly malpractice claim. 9 In addition, it causes great anxiety to patients and their families when they are given several consecutive diagnoses (stroke, brain tumor, autoimmune disease) prior to PML. PML prognosis varies depending on comorbidities. Since there is no specific treatment for JCV, the management consists of treating the underlying cause of immunosuppression, or withdrawing potential immunosuppressive medications. Early intervention can improve the chance of survival and patients with limited diagnostic delay had a significantly better outcome than those in the intermediate category. However, the fact that the outcome was not worse among those with extended delay was surprising. It can be explained, in part, by the fact that 10/37 (27%) individuals in the extended delay category had their diagnosis established greater than 1 year after symptom onset, at which time they were already considered PML survivors. In addition, a greater percentage of patients in the extended delay category had possible PML. Those patients may have been better able to contain JC viral load in their CNS to levels undetectable by PCR in the CSF. Our results suggest that the better immune response at PML onset of the HIV + possible PML patients was instrumental in limiting JCV replication to below detection levels by PCR in their CSF. Indeed, HIV + patients in the extended delay category had higher initial CD4 + T-cell counts at time of PML onset. A low JC viral load in the CSF and higher CD4 + T-cell counts have been previously associated with a favorable clinical outcome in PML. 8, 10, 11 Since HIV infection is a classic form of immunosuppression predisposing to PML, we expected HIV + patients to be more likely to have limited diagnostic delay compared with HIV À individuals. Instead, there was a trend for HIV + patients to be over-represented in the extended delay category. Since those patients had higher CD4 + Tcell counts at symptom onset compared with the limited and intermediate delay groups, these results suggest that physicians may disregard the diagnosis of PML in HIV + patients with limited degree of immunosuppression. Furthermore, a vascular etiology, rather than infectious, was the most frequent initial diagnosis considered in HIV + patients. [12] [13] [14] Our study has limitations. Due to its retrospective nature, it is dependent on the quality and completeness of the patients' medical records spanning more than two decades. Most patients sought initial medical attention at their primary care physician's office, which was often outside our hospital. The diagnosis of PML may have been considered in the differential diagnosis then, but this information was not available. Other factors which may have contributed to the delay in diagnosis include delay from PML symptom onset to first seeking medical attention, evaluation by a neurologist, obtaining initial MRI, performing a lumbar puncture, or arranging a brain biopsy. Detailed information about these factors was unavailable. In addition, exact time of PML symptom onset may be difficult to determine precisely. However, this was mitigated by the fact that the present cohort was collected at a single institution, and each patient was evaluated clinically by the same investigator (IJK). Only patients with complete clinical information were included in the study.
While the time of diagnosis is clearly established in patients with definite PML as the date of positive CSF JCV PCR or brain biopsy, it is more subjective in those with possible PML. All of the possible PML patients had one to three spinal taps and we chose the date of last negative CSF JCV PCR as time of diagnosis, after which all alternative entities had been ruled out. We and others have previously shown that patients with possible PML behave clinically and immunologically in a similar manner as those with definite PML, warranting their inclusion in observational studies. 15 Furthermore, possible PML patients remain a significant diagnostic dilemma for physicians despite the improvement of PCR technique. In particular, MS patients developing PML during treatment with immunomodulatory medications often have undetectable JCV PCR in the CSF. 16, 17 Interestingly, there was no change in diagnostic delay based on the year of diagnosis, despite the gain in notoriety of PML after it was found in natalizumab-treated MS patients in 2005.
One patient included in our study had a significantly extended delay of 1643 days. It is noteworthy that a diagnosis of PML was considered in this patient 4 days after symptom onset based on clinical and radiological findings. However, initial CSF PCR for JCV was negative. He remained stable clinically and radiologically until 4.5 years later when he developed worsening depression and new auditory hallucinations. At that time, brain MRI revealed multiple new lesions concerning for PML and repeat CSF JCV PCR was positive, establishing a definitive diagnosis of PML.
Our data shows that another diagnosis was considered before PML in nearly two-thirds of patients, and more than three-quarters of PML patients suffered from diagnostic delay greater than 1 month, irrespective of their underlying immunosuppressive condition. Extended diagnostic delay occurred more frequently in patients with possible PML and among HIV + patients with higher CD4 + T-cell counts at symptom onset. PML outcome was more favorable in patients with limited compared to intermediate diagnostic delay. Physicians should include JCV in the differential diagnosis of patients presenting with neurological symptoms and brain lesions consistent with PML, regardless of their degree of immunosuppression.
